Studied on the oxidation of oleic and octanoic acids to ketone bodies were carried out in homogenates and in mitochondrial fractions of livers taken from fed and fasted rats. Malonyl-CoA inhibited ketogenesis from the former but not from the latter substrate. The site of inhibition appeared to be the carnitine acyltransferase I reaction. The effect was specific and easily reversible. Inhibitory concentrations were in the range of values obtained in livers from fed rats by others. It is proposed that malonyl-CoA functions as both precursor for fatty acid synthesis and suppressor of fatty acid oxidation. As such, it might be an important element in the carbohydrate-induced sparing of fatty acid oxidation.
INTRODUCTION
Previous studies from this laboratory have suggested that the marked enhancement of long-chain fatty acid oxidation and ketogenesis characteristic of livers from ketotic animals results from activation of the first step specific to fatty acid oxidation, namely the carnitine acyltransferase reaction (see 1 for review). The mechanism for this activation is not understood, though elevation of liver carnitine levels appears to be one component of the control system (2) . It has long been known that a reciprocal relationship exists between liver glycogen content and fatty acid oxidation (3, 4) , and we have shown that high carnitine concentrations are not sufficient to induce ketosis if hepatic glycogen content is high (5) . An attractive hypothesis was that some factor related to hepatic carbohydrate metabolism served to suppress fatty acid oxidation in the fed state.
The studies to be reported below suggest that the putative suppressor intermediate is related to carbo-J. D The data of Table II illustrate specificity for the malonyl-CoA inhibition of oleate oxidation as acetyl-CoA, propionyl-CoA, and methylmalonyl-CoA were all without significant effect. Since this experiment was performed with the mitochondrial fraction as opposed to the whole liver homogenate, it is evident that cytosolic factors are not required for expression of malonyl-CoA inhibition. However, the remote possibility existed that deacylase activity in the mitochondrial preparation preferentially hydrolyzed malonyl-CoA with the release of free CoASH and that the latter was the cause of the inhibitory effect. When an extra 200,tM CoASH was added a 50% inhibition of oleate oxidation was indeed observed (experiments not shown). However, this inhibition was largely relieved by the addition of extra carnitine, suggesting that at high concentrations CoASH inhibits fatty acid oxidation by reversal of the CAT I reaction via mass action. In contrast, the inhibitory effect of malonyl-CoA was not reversed by raising the carnitine concentration, indicating a direct inhibition of either CAT I or CAT II. Since malonyl-CoA would not be expected to gain access to CAT II, which is situated on the inner aspect of the inner mitochondrial membrane (7) , and since it did not inhibit the oxidation of octanoylcarnitine (data not shown), the more likely site of interaction would appear to be at the CAT I step. Direct evidence to this effect was obtained in the studies of reaction flask was 0.17 mM, oxidation of oleate was inhibited by almost 90%. However, when the mitochondrial fractions were separated from both the control homogenate and that containing added malonyl-CoA, they oxidized the fatty acid at similar rates that approximated those given by the unfractionated control homogenate (data not shown).
The effect of other metabolites on oleate oxidation by rat liver homogenates. Because of the possibility mentioned earlier that intermediates in the conversion of glycogen to pyruvate might also be potential inhibitors of fatty acid oxidation, the following compounds were tested: glycogen, amylopectin, amylose, UDP-glucose, glucose, fructose, glucose-6-phosphate, fructose-1,6-diphosphate, dihydroxyacetone, sn-glycerol-3-phosphate, 3-phosphoglycerate, 2 Illustration of the possible role of malonyl-CoA in the control of hepatic ketogenesis is given in Fig. 1 . It is proposed that with carbohydrate feeding fatty acid synthetic rates are brisk, reflecting high rates of 2 In a typical experiment the rate of oleate oxidation in a homogenate from fed liver was 80 nmol/10 min. Inhibition by malonyl-CoA was: 0.02 mM (27%), 0.05 mM (77%), 0.1 mM (89%o), and 0.2 mM (93%). malonyl-CoA generation. In these circumstances malonyl-CoA serves a dual role: substrate for fat synthesis and repressor of fat oxidation. By contrast, in starvation and diabetes, the flow of glucose carbon to fatty acids is restricted and malonyl-CoA levels are diminished with the result that fatty acid oxidation and ketone body production increase.
We have previously suggested that the activation of hepatic ketogenic capacity is brought about by elevation of the circulating glucagon to insulin ratio (13) . One consequence of this hormonal imbalance is an increase in hepatic carnitine concentration which serves to drive the carnitine acyltransferase I reaction (2) . We propose that a second effect is depletion of hepatic malonyl-CoA consequent to a block in the generation of pyruvate. The latter is likely due both to dissipation of liver glycogen stores as free glucose and to inhibition of the pyruvate kinase reaction (15) . In this regard it is of interest that Cook et al. (16) have recently demonstrated that glucagon acutely lowers malonyl-CoA concentrations in livers from intact rats and in isolated hepatocytes.
